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Background and Purpose
Vibration training is a relatively new exercise intervention. This study investigated the
effects of vibration exercise on strength (force-producing capacity) and power in
older adults who are healthy.
Participants and Methods
Thirty participants (mean age73.7 years, SD4.6) were randomly assigned to a
vibration exercise training (VIB) group or an exercise without vibration training (EX)
group. The interventions consisted of 3 sessions per week for 8 weeks. Outcome
measures included isokinetic flexor and extensor strength and power of the hip,
knee, and ankle.
Results
The VIB group significantly improved ankle plantar flexor strength and power
compared with the EX group. However, there were no significant differences be-
tween the VIB and EX groups for knee flexor or extensor strength.
Discussion and Conclusion
Vibration training contributed to an increase in plantar flexor strength and power.
However, the strength gains for the knee and hip flexors and extensors for the VIB
group and the EX group were comparable. Future vibration protocols should explore
different body positions to target muscles higher up on the leg.
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Age-related reductions in mus-cle mass and activity levelshave significant implications
for physical function in an older pop-
ulation, including reductions in
strength (force-producing capacity),
power, gait, and balance and in-
creased susceptibility to falls.1,2
These reductions can lead to a loss of
functional independence, greatly af-
fecting the quality of life for older
adults. Fortunately, resistance train-
ing has been shown to offset many
age-related declines in functional
performance.3–5 As sarcopenia con-
tributes to decreased muscle func-
tion, exercise programs that can min-
imize or combat the loss of muscle
mass, strength, and power can have
significant implications on how
older adults function.6 Recently,
whole-body vibration (WBV) has
emerged as an alternative strength
training intervention, with gains re-
ported to be comparable to resis-
tance training in young adults who
were healthy.7 There also have been
reports that WBV training contrib-
uted to increased strength in older
adults.8,9 However, research on the
effectiveness of WBV in increasing
strength is still sparse. In particular,
the effectiveness of WBV at improv-
ing muscle strength in older adults
warrants further research.
Whole-body vibration involves exer-
cising on a platform that oscillates up
and down at a particular frequency
and amplitude. Whole-body vibra-
tion has been promoted as a strength
training intervention because it can
increase motor unit activity of the
lower limbs through reflex-induced
muscle contractions.10,11 Whole-
body vibration as a training modality,
however, cannot be performed with-
out some sort of body-weight exer-
cise. Typically, WBV involves static
or dynamic squatting. Squatting ex-
ercises often are prescribed to older
adults to improve strength and phys-
ical function.12 Because squatting is a
functional, multijoint exercise that
can be performed at home without
any specialized equipment, the facil-
itated effect of combining this train-
ing with WBV needs to be evaluated
further.
Several studies10,11,13 have shown
that the application of vibration in-
creases muscle electromyographic
activity to a much greater degree
than the same activity without vibra-
tion. It also has been reported that
WBV activates muscles in the lower
body to varying degrees; specifically,
WBV induces greater activation in
the gastrocnemius muscle compared
with the rectus femoris muscle.11
Despite this increase in gastrocne-
mius muscle activation with WBV,
most studies have investigated the
effect on the leg extensors, neglect-
ing potential effects on the plantar
flexors.14 It appears that the vibra-
tion stimulus while squatting on a
platform is attenuated by muscula-
ture in a distal to proximal manner.15
Therefore, it is plausible to suggest
that strength improvements in the
lower limbs following WBV training
may exhibit nonlinear adaptations in
strength. However, to our knowl-
edge, no study has examined
strength and power adaptations fol-
lowing WBV training across the 3
lower-limb joints: hip, knee, and an-
kle. This study, therefore, investi-
gated isokinetic flexor and extensor
strength and power changes for the
joints of the lower limbs in older
adults who are healthy.
We hypothesized that WBV exercise
will result in larger strength and
power changes when compared
with the same training program
without vibration. We further hy-
pothesized that potential strength
and power gains of the ankle, knee,
and hip flexors and extensors follow-
ing WBV may be influenced by the
proximity of the musculature to the
platform. This study will provide in-
sight into the use of WBV as a
strength training intervention in an
older population. The specific re-
sults may aid the prescription and
design of future WBV training
programs.
Method
Overview of the Study
The current study was designed to in-
vestigate the effects of vibration exer-
cise on lower-limb strength in older
adults who are healthy. The study in-
volved 2 randomized groups in a
pretest-posttest design. It examined
lower-limb muscle strength and
power following an 8-week training
intervention with and without vibra-
tion.
Participants
Thirty older volunteers who were
healthy (16 men and 14 women,
66–85 years of age) participated in
the study. Exclusion criteria were:
age less than 65 years; prosthesis;
any neurological, musculoskeletal,
or other chronic disease; participa-
tion in a resistance training program;
a recent fracture or bone injury; and
any medication that could affect
strength adaptations and adversely
affect the results of the study. Partic-
ipants were stratified by sex, then
allocated to 2 groups by simple ran-
domization16 using a computer-
generated sequence: 15 participated
in a vibration exercise training (VIB)
group and 15 in an exercise without
vibration training (EX) group. Two
participants in the EX group with-
drew 2 weeks into the study. The
withdrawals from the study were not
related to the exercise program; one
participant left on a holiday, and the
other participant took time out to
care for an ill family member. Each
participant gave informed written
consent to participate.
The sample size for the current study
was determined a priori using mea-
sures of effect size (ES) and based on
a number of findings reported in rel-
evant literature.8,9 This estimated ES
was based on strength improve-
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ments following WBV in an older
population.8,9 With a strong ES ex-
pected in the principal criterion
measure—muscle strength—power
analysis revealed that a sample size
of 10 in the training groups was re-
quired to achieve a power of 0.8 and
an alpha of .05.17 To account for pos-
sible dropouts, we determined that
15 participants in each group repre-
sented a sufficient quantity for the
results to be meaningful.
Training Program
To investigate flexor and extensor
strength and power changes in the
lower limbs for an older population,
8 weeks of WBV exercise (VIB
group) was compared with the same
program performed without vibra-
tion (EX group). Both the VIB and EX
groups performed exercises on a
platform (height0.18 m, width
0.72 m, depth0.51 m), with and
without vibration respectively. Han-
dlebars were available on these plat-
forms if participants required their
use; however, they were encouraged
to perform the specified exercises
without the assistance of handlebars.
The exercise program for the VIB
and EX group consisted of two
4-week blocks: (1) standing with
bent knees (SWBK) (static squats),
which were performed to a maxi-
mum depth of 100 degrees of knee
flexion, and (2) dynamic lower-limb
exercises (DLLE), which involved dy-
namic squatting (80% of the total
time) and then calf raises (20% of the
total time) (Tab.1). Initially, each
participant was required to squat to
the maximal depth (up to 100° of
knee flexion) they could attain.
As the program continued, each par-
ticipant was encouraged to progress
deeper to a squat depth of 100 de-
grees of knee flexion. The rationale
for this exercise program was to in-
corporate and evaluate previous pro-
tocols (static13,18 and dynamic9,19).
Resistance was provided by the vi-
bration stimulus and through body
weight exercises. Both treatment
groups were required to use specific
body positions: standing with the
heel just off the ground (1–2 cm)
and never fully extending at the hips
when squatting. Undertaking WBV
training while standing with weight
on the heels or the legs locked out
increases the transfer of vibration to
the upper body.20,21 To avoid vibra-
tion transfer to the organs and eyes22
and discomfort from the stimulus
shaking the head,20 the current study
was limited 2 specific body positions
to maximize dampening and mini-
mize vibration transfer to the upper
body.
Training frequency was 3 times per
week, with at least 1 day of rest be-
tween sessions. The outcome mea-
surements were made before ran-
domization (pretest), following 4
weeks of training, and after 8 weeks
of training (posttest). At the begin-
ning of each testing and training ses-
sion, a 5-minute walking warm-up
was performed. All participants com-
pleted a familiarization session for
each test before the study began.
Vibration Protocol
The participants in the VIB group
were exposed to vertical sinusoidal
WBV using a Galileo Sport platform.*
The frequency used for this study
was set at 26 Hz,19,23 with peak-to-
peak amplitude ranging from 5 to 8
mm. The training intensity and vol-
ume increased according to the over-
load principle. Training volume pro-
gressed by systematically increasing
the duration of vibration sessions.
Training intensity was increased by
progressively raising the amplitude
and incorporating dynamic lower-
limb exercises. This progressive
overload is displayed in Table 1.
Performance Tests
Bilateral strength and power of the
hips, knees, and ankles was deter-
mined using a Cybex II isokinetic
dynamometer.† Maximum isokinetic
strength was measured as torque.
* Novotec Medical GmbH, Durlacher Str. 35,
D-75172 Pforzheim, Germany.
† Lumex, PO Box 9003, Ronkonkoma, NY
11779-0903.
Table 1.
Training Volume and Training Intensity of the Whole-Body Vibration (WBV) Program
Sets WBV Duration (s) Rest (s) Amplitude (mm) Frequency (Hz) Exercisea
Week 1 6 45 45 5 26 SWBK
Week 2 6 50 50 5 26 SWBK
Week 3 6 55 55 6 26 SWBK
Week 4 6 60 60 6 26 SWBK
Week 5 6 65 65 7 26 DLLE
Week 6 6 70 70 7 26 DLLE
Week 7 6 75 75 8 26 DLLE
Week 8 6 80 80 8 26 DLLE
a SWBKstanding with bent knees, DLLEdynamic lower-limb exercises.
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Maximum isokinetic power was cal-
culated from the time required to
produce the work (measured in
watts). A standardized warm-up of 4
submaximal muscle contractions
was performed prior to each isoki-
netic test velocity. The angular veloc-
ity for the hip and knee was 60°/s,
with the ankle joint tested at 30°/s.
Tests were performed in the follow-
ing order: (1) knee, (2) ankle, and (3)
hip. Isokinetic testing involved 4 cy-
clic (uninterrupted) maximal repeti-
tions, performed twice. Maximum
muscle strength and power were re-
corded for the 2 sets and then re-
ported as an average. In between tri-
als, a 1-minute rest period was
imposed. Before each trial, partici-
pants were instructed to contract
specific muscles as fast and as hard as
possible. Verbal encouragement was
given during the test.
Isokinetic testing of the hip, knee,
and ankle flexors and extensors in-
volved standardized body position-
ing. For all isokinetic tests, partici-
pants were strapped securely at the
waist and chest. Each participant
was instructed to fold their arms
across the chest for each contraction
to minimize any contribution of the
upper body. Two stoppers were po-
sitioned to control the starting and
end positions for each joint. For each
participant, specific set-up measures
at the pretest were recorded and
used at the 4-week testing occasion
as well as at the posttesting occasion.
To test hip strength, the participants
lay in a supine position with the leg
placed at 90 degrees of flexion and
the opposite leg supported in an ex-
tended position. The dynamometer
arm was secured 5 cm superior to
the patella. Hip flexor and extensor
strength was measured from a neu-
tral 0-degree position to 90 degrees
of flexion.
Knee strength was assessed in the
Cybex chair with the back posi-
tioned at 100 degrees. The partici-
pants’ knees hung over the edge of
the chair, with the lateral femoral
condyle of the tested leg aligned
with the axis of rotation of the dyna-
mometer. The dynamometer arm
was secured 5 cm superior to the
medial malleolus. Knee flexor and
extensor strength was measured
from 85 degrees to 10 degrees of
flexion.
Ankle strength was measured with
the participants lying prone. Their
knees were fully extended and stabi-
lized. The tested foot was fixed to
the dynamometer footplate, with the
ankle maintained at 10 degrees of
dorsiflexion. The lateral malleolus
was aligned with the dynamometer’s
axis of rotation. The tested leg was
secured with a Velcro‡ strap 5 cm
inferior to the patella. Ankle flexor
and extensor strength was measured
from 10 degrees of dorsiflexion to 20
degrees of plantar flexion.
The Cybex dynamometer was cali-
brated prior to testing, using known
masses placed on the lever arm. A
gravity correction factor (additional
torque created by the mass of limb)
was determined by measuring the
mass of the limb through its range of
motion before each test. To enable
comparisons between participants,
isokinetic strength and power values
were normalized relative to body
weight (in newton-meters per kilo-
gram and watts per kilogram, respec-
tively). The procedures for isokinetic
testing were based on a review of
literature outlined in Perrin.24
Data Analysis
All data were examined using SPSS
version 12.0.§ Descriptive statistics
are reported as means and standard
deviations. Prior to training, a one-
way analysis of variance (ANOVA)
was used to determine whether dif-
ferences existed between the
groups. Upon completion of the
training period, the data were exam-
ined for between-group and within-
group effects using a 2 2 (group
time) ANOVA. To examine the vibra-
tion training effect between muscles
of the lower limb, a treatment
group  muscle group  time inter-
action was assessed with an ANOVA.
For all procedures, significance was
accepted at the alpha level of .05.
Results
Prior to the training period, no sig-
nificant differences between the
groups were observed for any vari-
able (Tabs. 2, 3, 4, and 5). Because
responses to the vibration exercise
training and exercise without vibra-
tion training showed no sex differ-
ences, results for male and female
participants were combined and an-
alyzed together. Similarly, because
there were no significant differences
between right and left sides, the data
were averaged for the purposes of
clarity. Sphericity and homogeneity
of variance were obtained for each
variable. The results for isokinetic
hip, knee, and ankle torque and
power output at each testing occa-
‡ Velcro USA, Inc, 406 Brown Ave, Manches-
ter, NH 03103.
§ SPSS Inc, 233 S Wacker Dr, Chicago, IL
60606.
Table 2.
Subject Characteristics (MeanSD) of the Vibration Exercise Training (VIB) Group
and the Exercise Without Vibration Training (EX) Group
VIB Group EX Group
Age (y) 74.35.0 73.14.1
Height (cm) 167.510.9 168.710.6
Body mass (kg) 75.312.6 75.98.9
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sions are displayed in Tables 3, 4,
and 5, respectively.
Hip Joint
No significant changes were evident
between or within groups for hip
flexor and extensor strength and
power output following the training
period. The hip flexor and extensor
strength and power results are dis-
played in Table 3.
Knee Joint
After the 8-week training interven-
tion, there were no significant
between-group changes for knee
flexor (KF) and extensor (KE) vari-
ables. However, significant within-
group effects for knee flexor and ex-
tensor torque and power output
were evident for both the VIB group
(KF torque: F16.1, P.01; KF pow-
er: F14.3, P.01; KE torque:
F15.7, P.01; KE power: F25.7,
P.01) and EX group (KF torque:
F10.2, P.01; KF power: F12.5,
P.01; KE torque: F18.4, P.01;
KE power: F14.2, P.01). Knee
flexor and extensor torque and
power output results are displayed
in Table 4.
Ankle Joint
Ankle dorsiflexor torque and power
showed no significant changes be-
tween or within groups on any test-
ing occasion. The VIB group had sig-
nificant improvements in ankle
plantar-flexor torque and power out-
put compared with the EX group
(torque: F32.2, P.01; power:
F30.4, P.01). The average
amount of change in ankle plantar
flexor torque was 18% and 5% for the
VIB and EX groups, respectively. An-
kle plantar-flexor and dorsiflexor
torque and power output results are
displayed in Table 5.
Muscle Strength Interactions
At the completion of the 8-week vi-
bration training intervention, a num-
ber of significant torque-dependent
training effects were evident be-
tween muscles of the VIB group
(F29.0, P.01). Ankle plantar-
flexor torque change was signifi-
cantly greater than the amount of
change for the knee flexors (P.01),
knee extensors (P.01), hip flexors
(P.01), and hip extensors (P.01).
There were no significant differ-
ences between knee flexor and ex-
tensor torque versus hip flexor and
extensor torque within the VIB
group. The changes in lower-limb
torque following the training inter-
vention are displayed in the Figure.
Similar to muscle torque responses, a
number of power-dependent train-
ing effects were evident between
muscles of the VIB group (F19.6,
P.05). The change in ankle plantar-
flexor power was significantly
greater than the change in power for
the knee flexors (P.02), knee ex-
tensors (P.01), hip flexors
(P.01), and hip extensors (P.01).
A significant difference between
change in knee extensor power and
change in hip flexor power was evi-
dent (P.02). There were no signif-
Table 4.
Knee Joint Results (MeanSD) for the Vibration Exercise Training (VIB) Group and
the Exercise Without Vibration Training (EX) Group
VIB Group (n15) EX Group (n13)
Knee flexor torque (Nm/kg)
Pretest 101.723.6 105.934.9
Posttest 111.626.5 112.436.1
Knee flexor power (W/kg)
Pretest 67.617.3 69.824.7
Posttest 75.818.5 74.225.0
Knee extensor torque (Nm/kg)
Pretest 162.232.6 165.344.2
Postttest 175.133.2 176.445.5




Hip Joint Results (MeanSD) for the Vibration Exercise Training (VIB) Group and the
Exercise Without Vibration Training (EX) Group
VIB Group (n15) EX Group (n13)
Hip flexor torque (Nm/kg)
Pretest 141.130.8 137.447.9
Posttest 146.528.7 143.046.0
Hip flexor power (W/kg)
Pretest 82.320.0 81.330.9
Posttest 85.517.0 82.528.1
Hip extensor torque (Nm/kg)
Pretest 170.040.2 169.462.2
Posttest 177.444.0 176.258.6
Hip extensor power (W/kg)
Pretest 104.723.8 100.644.8
Posttest 107.826.1 103.641.5
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icant differences between knee
flexor power versus hip flexor and
extensor power or knee extensor
power versus hip extensor power.
Discussion
The purpose of this study was to
examine the effects of WBV on
strength and power changes of the
lower limbs in older adults who
were healthy. Our results show that
average strength gains following 8
weeks of WBV training were larger
for ankle plantar flexors than for
knee and hip flexors and extensors
(Tabs. 3, 4, and 5; Figure). These
strength measures illustrate that the
WBV induced different increases in
lower-limb strength, with signifi-
cantly larger gains observed in
plantar-flexor strength and power
compared with the more proximal
leg musculature. Our finding that
WBV induced larger gains in ankle
plantar-flexor strength than in knee
or hip flexor and extensor strength is
in accordance with previous re-
search demonstrating that vibration
applied at the foot predominantly
recruits the calf musculature to
dampen the stimulus.25
Whole-body variation can be sepa-
rated into 2 training stimuli: the re-
flex muscle contraction induced by
vibration and the body-weight exer-
cise performed on the platform. Pre-
vious research has reported that
strength gains following WBV were
associated with the reflex muscle
contractions it provokes and not the
body-weight exercises.7 In a 12-
week study involving young female
participants who were healthy, De-
lecluse et al7 found a 9% increase in
dynamic knee extensor strength fol-
lowing WBV training and a 7% in-
crease for standard resistance train-
Figure.
Joint torque percentage change from pretest. VIBvibration exercise training group, EXexercise without vibration training group.
Asterisk indicates significant difference compared with EX group.
Table 5.
Ankle Joint Results (MeanSD) for the Vibration Exercise Training (VIB) Group and
the Exercise Without Vibration Training (EX) Group
VIB Group (n15) EX Group (n13)
Ankle dorsiflexor torque (Nm/kg)
Pretest 35.77.8 36.09.0
Posttest 36.27.4 35.88.7
Ankle dorsiflexor power (W/kg)
Pretest 12.52.8 12.33.4
Posttest 12.52.7 12.33.0
Ankle plantar-flexor torque (Nm/kg)
Pretest 103.221.7 102.128.1
Postttest 122.021.8a 107.227.3
Ankle plantar-flexor power (W/kg)
Pretest 31.87.2 31.59.1
Posttest 38.37.2a 33.110.0
a Significantly greater change compared with pretest exercise without vibration (P.05).
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ing. The vibration-induced knee
extensor strength improvements
found in the present study (Tab. 4)
are comparable to the results of De-
lecluse et al.7 However, the present
study could not differentiate knee
strength gains between the VIB and
EX groups, suggesting that improve-
ments were attributable to the body-
weight exercises performed.
This is the first study to investigate
the effects of WBV exercise on mus-
cle strength and power of the 3
lower-limb joints in an older popula-
tion. The results demonstrated that
the effect of WBV on muscle prop-
erties is disproportional, with
greater ankle plantar-flexor strength
and power changes than those of the
knee and hip (Tabs. 3, 4, and 5; Fig-
ure). The differences in changes in
ankle plantar-flexor strength and
power compared with changes in
knee or hip flexor and extensor
strength and power within the VIB
group may be explained by WBV-
induced reflex muscle contractions.
Whole-body vibration can stimulate
a number of muscle groups of the
lower body at the same time. How-
ever, the muscle group closer to the
vibration platform will attenuate
more of the vibration stimulus than
muscles higher up the leg,11 thus
eliciting a greater training response.
It has been reported that WBV-
induced reflex muscle activity of the
ankle plantar flexors is higher than
that of the knee extensors.26 It,
therefore, is reasonable to infer that
the current differences in strength
and power changes between lower-
limb musculature in the VIB group
may be the result of greater WBV-
induced muscle activity.
The suggestion that WBV improved
plantar-flexor strength to a greater
degree than knee extensor strength
because of its relative proximity to
the vibration platform raises the
question why there was not a corre-
sponding change in dorsiflexor
strength. The EX group displayed no
changes in dorsiflexor strength fol-
lowing the training program. There-
fore, it may be suggested that the
training program did not stress this
muscle group or that the measure-
ment was not able to detect subtle
changes in dorsiflexor strength. Be-
cause this phenomenon of different
strength gains between opposing
muscles of the ankle following WBV
is the first to be reported, we suggest
that future researchers examine the
mechanisms of these differences.
A number of studies7,8,27 have shown
that WBV exercise resulted in im-
proved knee extensor strength that
was comparable to gains with mod-
erate resistance training. In a
placebo-controlled study,7 knee ex-
tensor strength improvements fol-
lowing WBV were associated with
reflex muscle activity and not the
body-weight exercises. The current
study also demonstrated improve-
ments in knee extensor strength fol-
lowing WBV, yet these gains were
not significantly larger than those for
a group performing the same body-
weight exercises without vibration.
It is plausible that a much larger sam-
ple size may have been able to detect
a statistically significant difference
between the VIB and EX groups for
knee flexor and extensor variables.
Retrospectively, however, the re-
sults of the current study appear to
suggest that any significant interac-
tion for knee flexor or extensor
torque between a VIB group and an
EX group would be relatively small.
Even with a much larger sample size,
it is unlikely that knee flexor and
extensor changes between the VIB
and EX groups would be large
enough to be considered a clinically
significant difference between these
training interventions. However,
such an analysis was outside the
scope of this study. More research is
needed to examine knee flexor and
extensor strength adaptations be-
tween a vibration and exercise-
without vibration training interven-
tion and its clinical significance.
In contrast to studies previously
mentioned,7,8,27 an 11-week WBV
study involving young participants
who were healthy showed no im-
provements in knee extensor
strength.28 Discrepancies among
studies often are linked to differ-
ences in WBV protocols and meth-
ods. The discrepancies between the
current study and those mentioned
above also may be explained by dif-
ferences in methods. Notwithstand-
ing the participants’ characteristics,
Delecluse et al7 included additional
exercises, such as a deep squat, wide
stance squat, one-legged squat, and
lunge, that may have resulted in a
greater exercise intensity in the WBV
training group. These additional dy-
namic exercises also may have facil-
itated the delivery of vibration to
musculature that would not have
been stimulated to the same degree
under traditional standing with bent
knees or squatting. By incorporating
activities that may be able to specif-
ically target muscle groups higher up
the leg, the potential for WBV train-
ing to improve performance would
appear to be enhanced. This notion
is in line with the emphasis on the
specificity of training. In this respect,
the terminology of “whole-body”
vibration may need to be revised.
Because the aging process is associ-
ated with deterioration in muscle
strength, improvements in knee and
hip muscle strength similar to those
observed in the ankle plantar flexors
with WBV could potentially benefit
mobility and functional performance
in an older population. Future stud-
ies need to examine WBV and the
adaptation to different dynamic
exercises.
The maximal plantar-flexor torques,
expressed in absolute terms for the
VIB group at the pretest occasion,
were 90 Nm (SD21) and 65 Nm
(SD18) for male and female partic-
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ipants, respectively. These results
were similar to those previously re-
ported for a matched group of older
adults who were healthy (male par-
ticipants: 94 Nm, SD27; female
participants: 60 Nm, SD15).29 The
VIB group displayed an 18% im-
provement in plantar-flexor strength
following the 8-week WBV training
program (Tab. 5). This improve-
ment in plantar-flexor strength in
older adults who were healthy ap-
proached absolute torque values sim-
ilar to those reported in younger
adults who were healthy.29 How-
ever, at the posttest assessment, the
VIB group’s plantar-flexor torque
values were within 1 standard devi-
ation of torque values obtained for
younger men (124 Nm [SD32] ver-
sus 107 Nm [SD21] in our VIB
group) and younger women (85 Nm
[SD27] versus 75 Nm [SD17] in
our VIB group). It must be acknowl-
edged that there were differences in
methods between these studies.
Therefore, a direct comparison be-
tween the studies should be treated
with caution. However, the current
study’s results do provide support
for a clinically significant improve-
ment in this measure. Because ankle
plantar-flexor strength plays an im-
portant role in mobility and balance
in the older population,30–32 greater
ankle plantar-flexor strength follow-
ing WBV training can be considered
to be an important adaptation for an
older population. With plantar-flexor
muscles displaying significant reduc-
tions in structure and strength with
age,33 WBV may serve as a supple-
ment to other training methods in
mediating functional decline in
plantar-flexor strength.
Improvements in muscular perfor-
mance following WBV are typically
based on neuromuscular enhance-
ment.19,34 The potential for chronic
neuromuscular enhancement with
WBV training would provide a ratio-
nale for the increased plantar-flexor
strength observed in the current
study. However, specific neural ad-
aptations were not measured in the
current study. The specific contribu-
tion of mechanisms explaining in-
creased strength following WBV in
an older population awaits further
investigation. Regardless of the
mechanisms, it was clear that WBV
contributed to the improved plantar-
flexor strength in a group of older
adults who were healthy. As the
older population exhibits reduced
plantar-flexor strength compared
with their younger counterparts,33
WBV may serve as a therapeutic in-
tervention to combat or counteract
reduced plantar-flexor strength.
Conclusion
The results of the current study dem-
onstrated that 8 weeks of WBV train-
ing produced a significant improve-
ment in plantar-flexor strength and
power for a group of older adults
who were healthy. Following the
training period, improvements in
knee joint torque and power showed
no significant differences between
the VIB and EX groups. Therefore,
the observed improvements in knee
extensor strength in both the VIB
and EX groups can largely be attrib-
uted to the body-weight–specific ex-
ercises performed. The strength
gains following vibration training ap-
pear to be dissipated distally by
lower-limb muscle groups. There-
fore, different WBV exercise proto-
cols should be used in order to spe-
cially target muscles higher up the
leg.
All authors provided concept/idea/research
design. Mr Rees and Dr Murphy provided
writing, data analysis, and project manage-
ment. Mr Rees provided data collection. Dr
Murphy and Dr Watsford provided fund pro-
curement. Dr Watsford provided consulta-
tion (including review of manuscript before
submission).
The study and its procedures were approved
by the Human Research Ethics Committee of
the University of Technology, Sydney.
This article was submitted January 27, 2007,
and was accepted December 13, 2007.
DOI: 10.2522/ptj.20070027
References
1 Lauretani F, Russo CR, Bandinelli S, et al.
Age-associated changes in skeletal muscles
and their effect on mobility: an operational
diagnosis of sarcopenia. J Appl Physiol.
2003;95:1851–1860.
2 Dutta C. Significance of sarcopenia in the
elderly. J Nutr. 1997;127(5 suppl):992S–
993S.
3 Lamoureux E, Sparrow WA, Murphy A,
Newton RU. The effects of improved
strength on obstacle negotiation in
community-living older adults. Gait Pos-
ture. 2003;17:273–283.
4 Symons TB, Vandervoort AA, Rice CL,
et al. Effects of maximal isometric and iso-
kinetic resistance training on strength and
functional mobility in older adults. J Ger-
ontol A Biol Sci Med Sci. 2005;60:777–
781.
5 Fiatarone MA, Marks EC, Ryan ND, et al.
High-intensity strength training in nonage-
narians: effects on skeletal muscle. JAMA.
1990;263:3029–3034.
6 Seguin R, Nelson ME. The benefits of
strength training for older adults. Am J
Prev Med. 2003;25:141–149.
7 Delecluse C, Roelants M, Verschueren S.
Strength increase after whole-body vibra-
tion compared with resistance training.
Med Sci Sports Exerc. 2003;35:1033–1041.
8 Roelants M, Delecluse C, Verschueren SM.
Whole-body-vibration training increases
knee-extension strength and speed of
movement in older women. J Am Geriatr
Soc. 2004;52:901–908.
9 Verschueren SM, Roelants M, Delecluse C,
et al. Effect of 6-month whole body vibra-
tion training on hip density, muscle
strength, and postural control in post-
menopausal women: a randomized con-
trolled pilot study. J Bone Miner Res.
2004;19:352–359.
10 Cardinale M, Lim J. Electromyography ac-
tivity of vastus lateralis muscle during
whole-body vibrations of different fre-
quencies. J Strength Cond Res. 2003;17:
621–624.
11 Roelants M, Verschueren SM, Delecluse C,
et al. Whole-body-vibration-induced in-
crease in leg muscle activity during differ-
ent squat exercises. J Strength Cond Res.
2006;20:124–129.
12 Flanagan S, Salem GJ, Wang MY, et al.
Squatting exercises in older adults: kine-
matic and kinetic comparisons. Med Sci
Sports Exerc. 2003;35:635–643.
13 Bosco C, Cardinale M, Tsarpela O. Influ-
ence of vibration on mechanical power
and electromyogram activity in human
arm flexor muscles. Eur J Appl Physiol
Occup Physiol. 1999;79:306–311.
14 Cardinale M, Wakeling J. Whole body vi-
bration exercise: are vibrations good for
you? Br J Sports Med. 2005;39:585–589.
Lower-Limb Strength After Vibration Training
April 2008 Volume 88 Number 4 Physical Therapy f 469
15 Tylee M, Popovic MR, Yu S, Craven C.
Human responses to vibration therapy. Pa-
per presented at: 25th Annual Interna-
tional Conference of the IEEE Engineering
in Medicine and Biology Society; Septem-
ber 17–21, 2003; Cancun, Mexico.
16 Beller EM, Gebski V, Keech AC. Randomi-
sation in clinical trials. Med J Aust. 2002;
177:565–567.
17 Vincent WJ. Statistics in Kinesiology. 3rd
ed. Champaign, Ill: Human Kinetics; 2005.
18 Runge M, Rehfeld G, Resnicek E. Balance
training and exercise in geriatric patients.
J Musculoskel Neuronal Interact. 2000;1:
61–65.
19 Bosco C, Cardinale M, Tsarpela O, et al.
The influence of whole body vibration on
jumping performance. Biol Sport. 1998;
15:157–164.
20 Crewther B, Cronin J, Keogh J. Gravita-
tional forces and whole body vibration:
implications for prescription of vibratory
stimulation. Phys Ther Sport. 2004;5:37–
43.
21 Wakeling JM, Nigg BM. Modification of
soft tissue vibrations in the leg by muscu-
lar activity. J Appl Physiol. 2001;90:412–
420.
22 Mester J, Spitzenfeil P, Schwarzer J, Seifriz
F. Biological reaction to vibration—impli-
cations for sport. J Sci Med Sport. 1999;2:
211–226.
23 Bruyere O, Wuidart MA, Di Palma E, et al.
Controlled whole body vibration to de-
crease fall risk and improve health-related
quality of life of nursing home residents.
Arch Phys Med Rehabil. 2005;86:
303–307.
24 Perrin DH. Isokinetic Exercise and Assess-
ment. Champaign, Ill: Human Kinetics;
1993.
25 Blottner D, Salanova M, Pu¨ttmann B, et al.
Human skeletal muscle structure and func-
tion preserved by vibration muscle exer-
cise following 55 days of bed rest. Eur
J Appl Physiol. 2006;97:261–271.
26 Torvinen S, Kannu P, Sieva¨nen H, et al.
Effect of a vibration exposure on muscular
performance and body balance: random-
ized cross-over study. Clin Physiol Funct
Imaging. 2002;22:145–152.
27 Roelants M, Delecluse C, Goris M, Vers-
chueren S. Effects of 24 weeks of whole
body vibration training on body composi-
tion and muscle strength in untrained fe-
males. Int J Sports Med. 2004;25:1–5.
28 de Ruiter CJ, Van Raak SM, Schilperoort
JV, et al. The effects of 11 weeks whole
body vibration training on jump height,
contractile properties and activation of hu-
man knee extensors. Eur J Appl Physiol.
2003;90:595–600.
29 Thelen DG, Schultz AB, Alexander NB,
Ashton-Miller JA. Effects of age on rapid
ankle torque development. J Gerontol A
Biol Sci Med Sci. 1996;51:M226–M232.
30 Onambele GL, Narici MV, Maganaris CN.
Calf muscle-tendon properties and pos-
tural balance in old age. J Appl Physiol.
2006;100:2048–2056.
31 Kerrigan DC, Todd MK, Della Croce U,
et al. Biomechanical gait alterations inde-
pendent of speed in the healthy elderly:
evidence for specific limiting impair-
ments. Arch Phys Med Rehabil. 1998;79:
317–322.
32 Suzuki T, Bean JF, Fielding RA. Muscle
power of the ankle flexors predicts func-
tional performance in community-
dwelling older women. J Am Geriatr Soc.
2001;49:1161–1167.
33 Simoneau E, Martin A, Van Hoecke J. Mus-
cular performances at the ankle joint in
young and elderly men. J Gerontol A Biol
Sci Med Sci. 2005;60:439–447.
34 Cochrane DJ, Stannard SR. Acute whole
body vibration training increases vertical
jump and flexibility performance in elite
female field hockey players. Br J Sports
Med. 2005;39:860–865.
Lower-Limb Strength After Vibration Training
470 f Physical Therapy Volume 88 Number 4 April 2008
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
